Purpose Prostate cancer survivors (PCSs) may experience persistent symptoms following treatment. If PCSs and spouses differ in their perceptions of symptoms, that incongruence may cause mismanagement of symptoms and reduced relationship quality. The purpose of this study was to examine symptom incongruence and identify the PCS and spouse characteristics associated with symptom incongruence in older couples coping with prostate cancer. Methods Participants in the study were older PCSs (>60 years) and their spouses (N =59 couples). Symptom incongruence was determined by comparing patient and spouse independent ratings of the severity of his cancerrelated symptoms. Predictor variables included PCS age, time since diagnosis, PCS comorbidity, PCS and spouse depressive symptoms, and spouse caregiving strain. Results PCS and spouse ratings of his symptom severity and the amount of incongruence over his symptoms varied significantly across couples. Overall, couples rated a moderate level of PCS symptom severity, but PCSs and their spouses significantly differed in their perceptions of PCS symptom severity with spouses rating severity higher (t = −2.66, df = 51, p <0.01). PCS younger age and high spouse caregiver strain accounted for 29 % of incongruence in perceptions of PCS symptom severity. Conclusions This study is among the first to show that PCSs and spouses may perceive cancer-related persistent symptoms differently. Among this older sample, younger PCS age and spouse caregiver strain were associated with incongruence in symptoms perceptions in couples. These and other factors may inform future interventions aimed at preserving relationship quality in older couples who have experienced prostate cancer.
Introduction
Treatment of localized and regional prostate cancer is frequently successful with over 90 % of men surviving at least 5 years, but many experience persistent symptoms well after treatment. Sexual dysfunction, urinary and/or bladder problems, and fatigue are the most commonly reported symptoms among many that result from prostate cancer treatments [1] . Not only do symptoms adversely impact prostate cancer survivor's (PCS's) QOL and functioning, but they also affect his spouse, the quality of his marital relationship and could alter his treatment and his prognosis [2] [3] [4] .
Spouses of PCSs are affected by her husband's symptoms because they can directly impact aspects of the marital relationship (i.e., sexual dysfunction) and the distress caused by symptoms can strain the marriage [5] [6] [7] . Because spouses are often the primary caregivers for PCSs, they are also the most likely family member to help manage his symptoms. When a PCS and spouse perceive symptoms differently, the incongruence in perceptions may lead to PCS feelings of invalidation, poor relationship quality and problems with decision-making, and this has been demonstrated in prior studies of chronic illnesses and caregiving [8] [9] [10] . In cancer survivors, incongruence in perception of symptoms has been associated with declining health, depression and an increased risk of poor adjustment to prostate cancer in the PCS [9, 11, 12] and increases relationship strain and marital dissatisfaction within the couple [13, 14] . From studies of incongruence in couples facing illnesses other than prostate cancer, differences in patient and spouse characteristics, such as physical (e.g., age and comorbidities) or emotional health (e.g., depression and caregiving strain), are linked to incongruent symptom assessment [9, 11] ; however, we know little about predictors of symptom incongruence specific to couples coping with prostate cancer.
Most prior research on long-term symptoms in PCSs has focused on the PCS's report of symptoms. However, the relational context of the couple is important to the overall health and quality of life of the PCS, even in the presence of bothersome symptoms. There is little information about symptom incongruence among couples coping with prostate cancer, including the characteristics of each partner that might be associated with incongruence. Understanding the factors that influence symptom incongruence between PCS and spouses could identify couples at risk of incongruence, inform the design of interventions, and explore how effective interventions work. Traditional couple methods and those most often used in studies of patient-spouse incongruence (e.g., percent agreement, difference scores) are limited in what they can tell us about incongruence. Multilevel modeling (MLM) is an innovative approach for assessing couple incongruence and for determining which member of the couple is scoring higher or lower. In contrast to studies that use a difference score or average score, MLM simultaneously creates a latent couple average and latent couple incongruence score, corrected for measurement error. In addition, it allows the researcher to predict individual variability around these true scores [15] .
We had the unique opportunity to explore patterns (e.g., degree and directionality) and predictors of incongruence using baseline data from PCSs and spouses who were enrolled in a randomized trial of partnered exercise training. The purpose of this secondary analysis was to use MLM to determine the degree and directionality of symptom incongruence between PCSs and spouses and to explore the PCS and spouse characteristics associated with symptom incongruence.
Methods

Sample
Participants in this study were PCSs who had completed primary cancer treatment and their spouses who lived in the same residence. Couples were participants in a randomized trial of exercise that is described in detail elsewhere [16] . The present study examined baseline data that was collected prior to randomization to study groups. Complete data on all variables was available for 59 out of 62 enrolled couples and used for analysis. PCSs were eligible to participate in the study if they received treatment for histologically confirmed prostate cancer of any stage, were not currently undergoing radiation therapy or chemotherapy for prostate cancer, were aged 60 or over and were currently residing with a spouse (or co-residing partner) willing to participate. Procedures for the trial and the study reported here were approved by a university IRB board.
Measures
PCS Symptom Severity was measured with a 15-item list of symptoms specific to persons with cancer [17] and covering the following symptom types: vasomotor, neuropathic, neurocognitive, urinary, and cardio-respiratory. This instrument has demonstrated clinical validity and reliability in people undergoing cancer treatment [18] ; though in our sample of men who were mostly post-treatment perceived symptoms could also reflect those that persist long term. For any symptom that was considered present in the past 7 days, the severity of each symptom was then rated with a five-level Likert-type scale (1=not present/not at all severe to 5=extremely severe) and the average severity was then calculated. Higher average scores indicate more severe symptoms with a possible range of 1-5. In addition to completion of the checklist by the PCS, the spouse completed the checklist based on observations of the partner's symptoms.
PCS and/or spouse predictors of symptom incongruence
We focused on characteristics of both the PCS and spouse that may predict symptom incongruence within couples. We were limited in our selection and number of independent variables to those that were measured in the parent trial and based on the available sample size. As this was an exploratory study, we chose to focus on individual characteristics that have been found to be associated with incongruence in other populations, in particular, the physical (age [19, 20] , clinical history [11] , and comorbidities [9, 11] ) health of the patient and emotional health of each partner (depressive symptoms [21, 22] and caregiver strain [23, 24] ). An a priori power analysis was not performed, but rather the number of predictors entered into HLM models was limited in order to maximize statistical power.
Depressive symptoms were evaluated by the Center for Epidemiological Studies-Depression (CES-D) [25] . The 20-item CES-D scale has been widely used and demonstrates good internal consistency (Cronbach's α =0.86-0.92), sensitivity, specificity and validity. Both PCSs and spouses rated their own depressive symptoms, with scores that range from 0 to 60 and higher scores indicating greater depressive symptoms.
Caregiver Strain was measured using the role overload scale which assesses the extent to which spouse's time and energy are exhausted by the demands of caring for their partner [26] . The three-item scale has good internal consistency (Cronbach's α =0.71 to 0.78), high reliability, and evidence of construct validity with patient physical function and family member depression [23] . Scores range from 3 to 12 and higher scores indicate greater caregiver strain.
Current comorbidity was characterized by the 18-item Charlson Comorbidity Index [27] , with scores ranging from 0 to 37 and higher scores indicating more chronic medical conditions. Risk of comorbidity associated with obesity was characterized by body mass index (BMI; in kilograms per square meter). Charlson scores for PCSs were included as a potential predictor of symptom incongruence based on previous research.
Age was included as a potential predictor of symptom incongruence because previous research has shown that the way that couples cope with chronic illness may vary across the lifespan, where older couples tend to adapt better to the illness experience than younger couples [19, 20] .
Demographics and clinical information including age, education, employment, length of relationship and cancer specific information for PCSs were gathered by self-report.
Statistical analysis
Zero-order correlations were run between dependent and independent variables to guide selection of predictors and examine potentially interdependent variables. HLM 7 [28] was used to examine couple incongruence in PCS symptom severity using full information maximum likelihood (FIML) estimation. This analytic approach determines the heterogeneity of variance in patientspouse incongruence in patient symptom severity and identifies variables associated with this incongruence. A couple incongruence model similar to the incongruence models described by Barnett et al. [29] and Lyons et al. [30] will illustrate the similarities and differences in perceptions of patients and spouses. Due to the inability to calculate parallel scales as originally suggested by Raudenbush and colleagues [28] , the alternative "known variance" approach described by Cano et al. [31] was used. This approach estimates measurement error using the formula ([1−Reliability]×observed variance).
The following model is fit separately to the symptom data for each couple j:
Severity ij represents the symptom severity score i in couple j. The Level 1 or within-couple model expresses the outcome as a function of a dummy variable that indicates whether the score was reported by the patient or the spouse, plus a residual term r that captures measurement error in the outcome scores. The predictor is coded −0.5 for the patient and +0.5 for the spouse. Under this formulation, the model intercept (β 0j ) represents the expected value of the outcome SEVERITY when the predictor INDICATOR is zero, which is the couple average; the model slope (β 1j ) represents the incongruence or gap between the two members of the couple.
The first step involves an examination of the unconditional Level 2 or between-couple model, which provides estimates of the population averages for couple symptom severity and couple incongruence and the variability around those averages. A chi-square test is performed to test whether the variances are significantly different from zero. When they are, significant heterogeneity exists across couples and predictors are introduced to explain the heterogeneity.
Second, the conditional Level 2 model adds predictors to explain the heterogeneity across couples in average symptom severity and incongruence in symptom severity as follows:
The effect of PCS and spouse characteristics on symptom severity are captured by the coefficients γ 02 through γ 06 , while the effect of PCS and spouse characteristics on symptom incongruence are captured by the coefficients γ 12 through γ 16 . Predictor variables were mean centered, where appropriate, for ease of interpretation.
Results
Sample
Couples in this analysis (N =59) were together an average of 42 years, with men older and in poorer health than their spouses ( Table 1 ). The participants reflected the largely Caucasian demographic in Oregon, were well educated and consistent with their age, most were also retired. For PCSs, men were mostly within 10 years of cancer diagnosis with less than half (44 %) having received radiation therapy, one-quarter currently on androgen deprivation therapy (ADT), and few participants that received chemotherapy. A small fraction of men (13 %) had metastatic disease, but were not actively receiving treatment at the time of study enrollment.
Average symptom severity
The average PCS symptom severity scores were higher when rated by spouses (2.75, SD=0.60) than when rated by PCSs (2.51, SD=0.60). The difference was statistically significant (t =−2.66, df =51, p <0.01).
Correlations between PCS symptom severity and potential independent variables
The zero-order correlations between the independent variables (PCS age, time since diagnosis, PCS comorbidity, PCS depressive symptoms, spouse depressive symptoms, and spouse caregiver strain) and each PCS and spouse ratings of PCS symptom severity are shown in Table 2 . Correlations indicate that older age and higher levels of depressive symptoms were associated with greater PCS symptom severity. Spouses were more likely to report the PCS as having greater symptom severity when the PCS had higher levels of depressive symptoms, and the spouse herself, reported higher depressive symptoms and higher levels of caregiver strain. Finally, there was a significant, moderate correlation between PCS and spouse depressive symptoms. HLM level 1 model: patient-spouse symptom incongruence Level 1 results (Table 3) showed that, on average, couples rated the PCS's symptom severity as 2.61 (p < 0.001), indicating a moderate level of severity (1-5 scale). The average incongruence score for PCS symptom severity was 0.26 (p <0.01). The positive direction indicates that, on average, spouses rated PCS symptom severity higher than did PCSs. There was significant variability around the average couple mean for PCS symptom severity χ 2 = 334.21, p <0.001 and the average couple incongruence χ 2 =130.91, p <0.001 which is illustrated using a sample of ten couples (Fig. 1) . Although the couple average indicated a moderate level of symptom severity, the Level 1 model showed significant variability within couples in both steepness and direction of slope.
HLM level 2 model: predicting PCS-spouse symptom incongruence
A Level 2 model introduced independent variables of PCS age, PCS comorbidity, PCS depressive symptoms, spouse depressive symptoms, and spouse caregiver strain into models to explain variability in couple average ratings of PCS symptom severity and incongruence between PCS and spouse in ratings of PCS symptom severity. Results (Table 4) showed that PCS depressive symptoms were significantly associated with couple mean ratings of PCS symptom severity, controlling for other variables in the model, and the variables together accounted for 32 % of the variance in couple mean ratings of PCS symptom severity. PCS age and spouse caregiver strain were significantly associated with incongruence, controlling for other variables, and the model explained 29 % of the incongruence in ratings of PCS symptom severity. Couples were significantly more likely to experience more incongruence in how they rated PCS symptom severity when PCS age was lower (60-70 years) and the spouse reported higher levels of caregiver strain.
Discussion
In a sample of older couples who have shared the experience of prostate cancer treatment, there was significant variability among couples in how the PCS and his spouse rated the severity of his symptoms and whether or not the PCS and his spouse were different in their ratings. Higher levels of depressive symptoms in the PCS or spouse were correlated with either of them reporting higher levels of PCS symptom severity, consistent with previous research [31] . However, when using MLM to determine which characteristics predicted the degree of incongruence between the PCS and his spouse over PCS symptom severity, depressive symptoms in the PCS or spouse did not contribute to whether or not they were different (incongruent) in their ratings of overall symptom severity, when controlling for other factors. Rather, factors associated with the couple being incongruent in assessing symptoms were his younger PCS age relative to older peers and the level of caregiving strain reported by his spouse. Prior studies of incongruence between cancer patients and spouses have reported inconsistent findings with some studies suggesting low incongruence [32] [33] [34] [35] and others suggesting high incongruence [36, 37] . Within couples in our study, we found spouses rated PCS symptoms significantly higher than did PCSs themselves, a finding that is consistent with other studies that observe incongruence between family members and cancer patients over how much a patient's physical function is changing or how severe the patient's symptoms are [33, [38] [39] [40] . Incongruence in symptoms in cancer survivors has been associated with poorer health, depression and a higher risk of poor adjustment to cancer among the survivors [9, 11, 12] , though earlier studies did not consider what might be contributing to the incongruent perceptions so that a basis for intervention could be considered. In couples coping with heart disease or who have faced any type of cancer, incongruence is Table 2 Zero-order correlations among independent variables and PCS symptom (Sx) severity (as reported by both PCS and spouses (SP)) (N =59 couples) *p <0.05; **p <0.01; ***p <0.001 a Positive incongruence scores indicate that the spouse is rating PCS symptom severity as higher than the PCS; negative incongruence scores indicate that the PCS is rating PCS symptom severity as higher than the spouse associated with higher levels of relationship strain and marital dissatisfaction for both partners [13, 14] . In the single study specific to couples coping with prostate cancer, Merz recently reported that positively correlated appraisal of urogenital symptoms between PCS and spouses was associated with better health-related quality of life (HRQOL), less stress, better coping ability, and greater stability in the relationship compared to a lower HRQOL reported by couples who had incongruent perceptions of how bothersome his symptoms were [41] . The clinical relevance of incongruence using our symptom measure is uncertain since our study was the first use of this instrument to evaluate incongruence. Future longitudinal studies where incongruence predicts outcomes over time using our symptom checklist could provide an indication of the meaningfulness of varying magnitudes of incongruence. Differences in patient and spouse characteristics, such as physical or emotional health, could lead to incongruent symptom assessment. Within the caregiving literature, spouses who are extremely burdened or depressed may perceive the patient to be more impaired than he or she actually is [21, 22] . Symptom incongruence has been found to be higher when caregiver strain from providing care is high [23, 24] . In our study, when spouses felt more overwhelmed by their role as caregivers the degree of disagreement between her and her husband over the severity of his symptoms increased. While spouses who felt more overwhelmed reported more depressive symptoms, her level of strain may have more strongly influenced her to perceive the severity of her husband's symptoms higher than either her or his depressive symptoms. The low level of depressive symptoms among our sample may also explain why they failed to contribute to the model.
In addition to caregiver strain, we found that incongruence between the couple over PCS symptoms was more likely when the PCS was younger. Among our older sample, young-old PCSs (60-70 years) reported less symptom severity than old-old PCSs (>70 years), yet couples with younger men were at greater risk for incongruent perceptions. In our study, young-old PCS were closer to diagnosis, more likely to have had prostate cancer surgery and just as likely to have received other therapy (radiation and/or ADT) as old-old PCS yet they reported less severe symptoms, suggesting that they could be minimizing or concealing their symptoms, have had less time since treatment to adapt to their symptoms, or simply experiencing fewer age-related symptoms. Incongruence among young-old couples could also be a reflection of the developmental differences found between middle-aged and older couples that indicate middle-aged couples are more at risk for poor psychological and relational well-being in the face of chronic illness compared to older couples [42] , though there have been no studies that have quantitatively evaluated age and symptom incongruence in couples with a history of prostate cancer. While our study presents only preliminary evidence of potential age differences in symptom incongruence among older couples, future research is warranted about whether younger couples are more likely to be incongruent or Fig. 1 Couple ratings of symptom severity for prostate cancer survivors (PCS) as reported by each the PCS and his spouse in a sample of ten couples. Average mean for PCS symptom severity ratings is shown in the bold, black line inconsistent in recognizing and evaluating symptoms of prostate cancer treatment. Our study has several strengths. To our knowledge, ours is the first study to use MLM to examine the patterns and predictors of incongruence in symptom assessment among couples coping with prostate cancer. The aim of our study was to examine symptom incongruence and predictors of symptom incongruence among couples coping with prostate cancer. Analytic approaches other than MLM are useful for either identifying the pattern of incongruence or examining the predictors of incongruence, but cannot simultaneously address both objectives. By examining PCS and spouse characteristics associated with incongruence, we can begin to identify those couples at greatest risk for disparate perceptions of the severity of symptoms experienced by PCSs. The study also has limitations, some of which were imposed by the design of this study as a secondary data analysis. Specifically, the cross-sectional data cannot imply causation between predictors and incongruence, the potential predictor variables were constrained by the choice of instruments included in the RCT as opposed a priori selection of predictors, and the sample size limited the number of predictor variables included in our models. Despite these limitations, age and caregiver strain were significant predictors of incongruence. However, it is probable that other characteristics that we did not include in the model contribute to incongruence, such as shared characteristics of the couple (e.g., length of relationship, time spent in shared activities, relationship quality) or communication patterns, and these should be explored in future studies. Another potential limitation was our use of a general cancer symptom checklist rather than a measure of symptoms specific to prostate cancer. Though our checklist included symptoms common across cancer types (i.e., cognitive trouble, fatigue) and in PCS (i.e., incontinence), it is possible that our observations may not extend to symptoms we did not measure, like loss of libido. Nor does it allow for examination of incongruence for individual symptoms. Future research should build on this work by employing MLM to examine incongruence for symptoms specific to prostate cancer.
While incongruence within couples over patient symptoms can threaten relationship quality and increase the risk of poor health in each partner, incongruence may increase [37] or decrease over time [40] suggesting that incongruence is amenable to interventions. Among couples in our study, when the husband was younger or when the spouse felt high caregiving strain, spouses were more likely to disagree over his symptoms. Future interventions aiming to preserve relationship quality among couples coping with prostate cancer might consider targeting younger couples and approaches that manage strain from caregiving. However, it is also clear that additional descriptive studies are warranted first and should consider whether other factors such qualities of the marital relationship and couple communication influence incongruence. Caregiving strain among spouses in our study was positively correlated with her depressive symptoms that were in turn associated with PCS depressive symptoms. These interdependencies within the couple underscore the rationale and justification for taking a dyadic approach to the prostate cancer experience and point to couples-based approaches that could simultaneously lessen the physical, emotional, and relationship costs of prostate cancer.
